WHO STEPwise approach to surveillance (STEPS), 14 which includes physical measurement (height, weight), sociodemographic information (age, sex, family size, occupation, income, education, etc.), lifestyle factors (salt consumption, smoking, alcohol, physical activity, etc.), and BP measurement. The questionnaire was validated and previously used by Nepal Health Research Council. 10 
Sample size and sampling procedure
Sample size for this prevalence study was estimated based on the method suggested by STEPS. 14 Assuming 95% confidence interval (CI) (z = 1.96), based on 5% margin of error (alpha), we estimated a 25% prevalence of hypertension in Nepal. The screening has a response rate of 80%, and is across 4 age groups for each sex (total strata = 8), the estimated sample size is 2,882. 13 A voter database obtained from Election Commission of Nepal, last updated in 2007, was used as a sampling frame. The voter database is a comprehensive list of all people with their name, age, sex, and proper address. There were 39,511 adult population (≥18 years) permanently residing in 9,500 households in Lekhnath Municipality. Each household was assigned a number in a chronological order. 13 Then, 2,882 households were selected using random sampling. Eligible participants from the sampled household were invited to participate. If there were more than one eligible participant in the household at the time of data collection, Kish Method was applied to select a participant. The Kish method uses a preassigned table of random numbers to find the person to be interviewed. 15 
Data collection procedure
Data enumerators, nurses, or health assistants were trained to measure BP and to interview participants using the STEPS questionnaire. After 15-minutes of seated rest, 3 BP measurements were taken on the left arm with a digital sphygmomanometer (OMRON Model HEM-7203). The cuff size was selected based on the upper arm circumference. Each participant's BP reading consisted of the average of the last 2 readings out of the 3.
Physical examination included measurements of height and weight. Weight was measured in light clothes using a digital bathroom scale and recorded in kilograms. Height was measured from the head (vertex) to the bottom of the feet and read to the nearest centimeter.
Salt intake was measured by asking the participant to provide amount of salt used during the preparation of food and added at the table by each participant in the last 12 hours. The total amount of salt provided by the participant was weighed using a kitchen scale and divided by the total family members who shared food in the last 12 hours.
Demographic and anthropometric variables
Education was categorized as high (secondary or high or trade school, college, or university) and low (primary education or no education). 16 Ethnicity was categorized into upper caste, janajati, and others according to the caste coding by government of Nepal 17 and categorized as upper caste, janajati (indigenous groups as defined by Government of Nepal), and others for the analysis. Family monthly income was categorized as low and high based on median value. Other demographic variables included were age and sex.
Classification and clustering of risk factors
Body mass index (BMI) was calculated by dividing weight (in kg) by square of height (in meters), classified as normal (<25 kg/m 2 ), overweight (≥25 kg/m 2 to <30 kg/m 2 ), and obese (≥30 kg/m 2 ). 18 Salt consumption ≥5 gram per day was classified as high salt intake. 19 Low physical activity was defined as those who scored less than 3,000 Metabolic Equivalent of Task (MET) of vigorous and moderate activities per week. 14, 20 Daily tobacco users were respondents who reported smoking cigarettes, "bidi", "kankat", or "hukka" or using other forms of smokeless tobacco on a daily basis. The limit for harmful use of alcohol was (i) men drinking 15 or more standard drinks a week and (ii) women drinking 8 or more standard drinks a week. 21 Those who were consuming less than 5 serving of fruits and/or vegetables in a day were categorized as low fruit and vegetable consumers. 22 One serving of vegetables was defined as 1 cup of raw, leafy green vegetables, half a cup of other cooked or raw vegetables or half a cup of vegetable juice. One serving of fruit was defined as one medium-size piece of fruit, half a cup of raw, cooked or canned fruit, or half a cup of juice from a fruit (not artificially flavored). 14 The participants were classified as diabetic if a health professional told they have diabetes in the last 12 months.
We assessed the association of hypertension with a cardiovascular disease risk score calculated based on presence of 8 major cardiovascular disease risk factors; (i) current tobacco use (yes/no), (ii) harmful use of alcohol (yes/no), (iii) low physical activity (yes/no), (iv) overweight or obese (yes/no), (v) high salt intake (yes/no), (vi) family history of hypertension (yes/no), (vii) history of diabetes (yes/no), and (viii) low fruit and vegetable intake (yes/no) (total maximum score = 8).
Hypertension knowledge, awareness, and treatment
Hypertension was defined as a systolic BP of 140 mm Hg or greater; diastolic BP of 90 mm Hg or greater or use of antihypertensive medication. 23 Awareness of hypertension was defined as self-report of any prior diagnosis of hypertension by a health care professional among the population defined as having hypertension. 23 Treatment of hypertension was defined as self-reported use of prescription medication for management of hypertension in the last 2 weeks. 24 Control of hypertension was defined as pharmacological treatment of hypertension associated with an average systolic BP <140 mm Hg and an average diastolic BP <90 mm Hg. 24 
Statistical analysis
The prevalence of hypertension and its risk factors is provided as percentages and the continuous variables are summarized as means ± SD. Chi-square tests were used to explore statistically significant differences between categorical variables. We ran a multiple logistic regression analysis to assess association of hypertension with sex, education, ethnicity, age, BMI, MET, tobacco use, alcohol consumption, salt intake, fruit and vegetable serving, family history of hypertension, diabetes, and total household income per month. The odds ratios (ORs) are reported with 95% CI. Sampling weight was adjusted to compensate for unequal probabilities of selection in the analyses.
Ethical approval
The ethics committee of the Nepal Health Research council approved the protocol for the study. Written informed consent was obtained from all study participants.
RESULTS

Sociodemographic characteristics
From a total of 2,882 eligible participants, 98% participated in the study. The remaining 2% either did not give consent or were not available during the household visits. The study participants aged 25-65 years and 1,844 (63%) were women. The mean age was 45.3 ± 10.2 years and mean BMI was 24.9 ± 4.4 kg/m 2 . Half of the participants were from upper caste (53%) and half of the participants had low education level (50%).
Systolic and diastolic blood pressure
The age-and sex-adjusted mean SBP and DBP was 124.5 ± 17.8 and 81.32 ± 11.6, respectively. Mean systolic and diastolic BP stratified by age group and sex is presented in Figure 1 . The mean systolic and diastolic BP in women was 121.8 ± 17.3 mm Hg and 79.7 ± 10.6 mm Hg, respectively. In men, the mean systolic and diastolic BP was 129.6 ± 18.4 mm Hg and 84.2 ± 11.8 mm Hg, respectively ( Figure 1 ). The systolic and diastolic BP was higher with each successive age group in both sexes; except for the diastolic BP in the age group that ranged from 55 to 64 years. Men had higher mean systolic and diastolic BP compared to women (Figure 1 ). The greatest sex difference was observed for mean systolic BP in the age group 25-34 years (122 vs. 112 mm Hg, P < 0.001). This difference was lowest in the age group 55-64 years (133 vs. 131 mm Hg, P = 0.342) (Figure 1 ).
Prevalence of hypertension
The overall age and sex-adjusted prevalence of hypertension was 28% (95% CI: 26%, 30%). The prevalence of hypertension was significantly higher among men compared to women (38% vs. 23%, P < 0.001). The age-adjusted prevalence was higher in each successive age group irrespectively of sex, education, ethnicity, and income, with exception of the age range 55-64 years old in Janajati men (Figure 2 ). The sex difference in hypertension prevalence was greatest for the youngest age group; and smallest for the oldest age group. The prevalence of hypertension varied by level of education, ethnicity, and income status. The prevalence was higher among those who had lower education, belonged to Janajati ethnic group, and had low income in almost all age groups and in both sexes (Figure 2 ).
Proportion of behavioral risk factors
Among the study participants, we found a varying proportion of behavioral risk factors that included: low physical activity (<3,000 MET/week) (7%), harmful use of alcohol (women >8 standard drink/week and men >15 standard drink/week) (12%), daily smokers (17%), low fruit and vegetable intake (<5 serving of fruit and/or vegetable/day) (90%), and high salt intake (≥5 gm/day) (82%). The prevalence of hypertension according to the presence or absence of selected risk factors is shown in Figure 3 .
Clustering of risk factors
The risk score was positively associated with hypertension prevalence in both men and women (P for trend <0.001). The OR of having hypertension among those with 3 to 4 risk factors was 1.60 (95% CI: 1.28; 1.99) and for those with more than 4 risk factors was 3.72 (95%: 2.61; 5.29) compared to those who had less than 2 risk factors while adjusting for age and sex.
Awareness, treatment, and control of hypertension
The proportion of awareness, treatment, and control of hypertension is shown in Figure 4 . Forty-six percent (390/838) of hypertensive participants were aware that they had elevated BP. Overall 31% (257/838) were on medication and 15% (128/838) of them had BP under control. We did Figure 1 . Mean SBP and DBP stratified by age group and sex. Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
not find statically significant difference between men and women for awareness (P = 0.06), on medication(P = 0.09) and had controlled BP (P = 0.11).
Association between hypertension and major risk factors
The association between hypertension and major cardiovascular disease risk factors among all participants (model I), excluding those who knew they had hypertension prior to the survey (model II) and excluding those who were currently taking antihypertensive medication (Model III) is presented in Table 1 . Increasing age (OR: 1.07, 95% CI: 1.06; 1.08), higher BMI (OR: 1.09, 95% CI: 1.06; 1.12), men (OR:
1.63, 95% CI: 1.25; 2.14), harmful alcohol intake (OR: 2.46; 95% CI: 1.73; 3.51), family history of hypertension (OR: 1.42; 95% CI: 1.14; 1.76), and diabetes (OR: 2.08, 95% CI: 1.30; 3.33) were independently associated with hypertension in model I. The association between hypertension and salt consumption was attenuated, whereas the association with the tobacco consumption significantly increased in models II and III.
DISCUSSION
This is the latest study presenting epidemiological information on prevalence, awareness, treatment, and control of hypertension in a semi-urban area of Nepal. We found the prevalence of high BP to be 28%. Our prevalence rate compares similarly to other studies that have reported a high prevalence of hypertension in both urban and rural areas in Asia. 10 Interestingly, past studies from Nepal have reported both higher 10, [25] [26] [27] [28] as well as lower prevalence levels of hypertension. [27] [28] [29] [30] However, these studies differed in terms of participants' residence, age and sex structure, and ethnicity. Earlier population studies from urban lower Guinea and Chinese rural population also reported the age-adjusted prevalence of hypertension to be 25%. 27, 28 A previous systematic review of hypertension among 33 studies with a sample size of 220,539 from South Asia reported a majority of studies with higher prevalence of hypertension in men compared to women. 5 We also found a lower prevalence of hypertension in women, particularly in the premenopausal age groups. We speculate the risk in women's high BP may be associated with age-related menopause. Hormonal factors or postmenopausal weight gain present a different risk profile in older women, and might account for the lower prevalence of hypertension among age groups that are premenopausal.. 24 Further a low level of hemoglobin among women compared to men might have contributed to such a difference in hypertension status.
Previous studies have found that hemoglobin level is positively associated with both systolic and diastolic BP. 31, 32 Higher proportion of risk factors such as smoking, alcohol and low physical activity among men compared to women might account for the high age-specific prevalence rates of hypertension. We note, that alcohol and tobacco use were associated with an excess of 42% and 170% risk, respectively, after adjusting for possible cofounders. On the other hand, BMI showed a less significant effect (9%). In participants with hypertension, there was significantly greater clustering of multiple cardiovascular risk factors. Further, BMI, use of tobacco, and lower physical activity level being modifiable factors, were positively associated with higher hypertension prevalence rates in our study.
We did not observe an association between higher salt intake and hypertension. In western populations, dietary salt intake has been shown in some studies to be significantly associated with hypertension. 33 In this study, we used average household per capita table salt consumption, which possibly underestimates the total salt consumption.
The rates of hypertension awareness, treatment, and control were also generally consistent with findings in those countries with existing data. 16, 34 A worldwide systematic review in 2013 demonstrated the awareness, treatment, and control of hypertension in low-income country was 41%, 32%, and 13%, respectively. 16 Similarly, another review published in 2016 showed the prevalence, treatment, and control of hypertension in low-and middle-income countries was 38%, 29%, and 7.7%, respectively. 1 Limitations of our study, include we focused on one municipality, which has a population of about 60,000. Additionally, the study is cross-sectional in nature and therefore causality cannot be inferred. Though BP readings was taken after half an hour rest for 3 times in 5-minute interval, the single visit to ascertain hypertension status may result in an overestimation of its prevalence due to the intrapersonal variation in BP, or health worker white-coat effect. Predominately, we measured BP in the morning to avoid circadian fluctuations in BP, although this was not always the case. Despite use of a standardized questionnaire and extensive training for data collectors, there might have been error in self-reported health-related behavior such as physical activity, tobacco use, and alcohol use, fruits and vegetable consumption. The amount of salt consumption per person was estimated from the discretionary use of salt during cooking. Added table salt is the most common method of sodium intake in Nepal. Discretionary salt use is difficult to quantify and often not included in standard dietary surveys. Therefore, we acknowledge that amount of salt intake may be underestimated or overestimated due to aforementioned difficulty in quantifying and omission of minority sources of sodium from processed food. Although 24-hour urinary assessment of sodium is likely to be more valid than dietary assessment, collection of 24-hour urine involves considerable burden for participants, which may influence response rates. Although we used multivariate logistic regression model to adjust covariates, there might still be residual confounding in salt estimates.
In conclusion, this is the first study from Nepal with a large sample size from a specified semi-urban geographical location using random sampling and age-sex stratified analysis. Our study is conducted in an area of the Western Region of Nepal, which has recently undergone a rapid social and demographic transition and shares a common culture, language, and lifestyle across other semi-urban areas of the country. The strengths of the study include its high response rate, adequate representation of both sexes, utilizing average of 2 BP measurements preceded by a first disregarded measurement and detailed information on the history of hypertension, and pharmacological treatments. Strict training processes for data collectors and vigorous quality assurance programs were employed to ensure the quality of the data to estimate the prevalence of hypertension. Indeed, we have shown the prevalence of hypertension is high, whereas the levels of awareness, treatment, and control are low. A number of modifiable risk factors are identified as a possible driver of this burden. There is an urgent need to address the problems of hypertension and its major risk factors in semiurban settings of western Nepal.
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